Abstract. Eight digestibility trials were performed with rams to evaluate the nutritive values of energy willow leaves (Satix Aqualica), whole short rotation trees (S. Aquatica, S. dasyclados), forest biomass, consisting of branches, foliage and browses, entire hardwood, hydrolysed birch tree pulp and dissolving pulp. The chemical composition of the materials varied according to the leaf-to-wood ratio and the degree of hydrolysis of the pulp. The leaves had high protein contents and low crude fibre contents but remarkably high contents of acid detergent fibre (ADF). The materials containing wood had a high crude fibre content, 41-54 lr /o, as had also both pulps, 44-75 %, but the ADF content was on average 17.4 %-units higher than the content of crude fibre. The lignin content was high in the wood-containing materials (29 -34 %) and also high in one of the leaf pulps. The digestibilities of the leaf pulps varied considerably, from 42 to 61 % for DM. The forest biomass had organic matter OM digestibility varying from 20 to 39 %. The digestibility was affected by the ratio of foliage to wood in the material. Hydrolysed wood pulp had poor digestibility, 38 % for OM, but the digestibility of dissolving pulp was comparable to that of good quality roughage, 75 ®7o . The leaf pulps and dissolving pulp had FU values of 0.48 -0.69/kg DM. Forest biomass and hydrolysed birch pulp had low values, 0.22-0.34 FU/kg DM. Various energy evaluation systems were compared in the feed value calculations. The fibre correction system gave very low values. Tree foliage and cellulosic wastes with a low lignin content can be utilized as ruminant feed but the possibilities of disposing in this way of cellulosic wastes with high lignocellulosic contents are very limited.
Introduction
Considerable research has recently been devoted to the use of alternative, non-conventional feed sources for animal production. Wastes from the forest industry and the processing of short-rotation or noncommercial trees, and tree residues have received considerable attention as potential feed sources for ruminants (Baker et al. 1975 , Kommeri 1981, Pohjonen and .
Browse and foliage are normal food for wild ruminants and also serve to supplement the diets of livestock on pasture. The in vitro Index words: Forestry by-products, forest biomass, wood residues, tree leaves, ruminant nutrition 205 JOURNAL OF AGRICULTURAL SCIENCE IN FINLAND digestibility of some tree leaves has been found to be moderate and their protein content high (Nasi and Pohjonen 1981, Ciszuk and Murphy 1982) . Tree foliage and the unlignified sprout biomass of some short rotation energy woods have proved to have considerable nutritional value (Baertsche 1980) and ensiled green biomass is being investigated as a possible forage crop for cattle feeding (Hooper and Winch 1979) . Energy wood production and the utilization of whole trees provide large amounts of surplus material of potential value as animal feed.
The high cost of pollution control has stimulated active research to evaluate the utilization of waste fibre from the pulping industry as energy feed for ruminants. Cellufibre, with a low lignin content, has high digestibility (Saarinen et al. 1959 ), but waste fibre has usually rather low digestibility and is less palatable to ruminants (Millett et al. 1973, Van Soest and Robertson 1976) . The object of the present study was to estimate the feed value of some products from short rotation energy willow stands, forest biomass material and wood-processing residues in the diets of ruminants.
Materials and methods
Eight digestibility trials were conducted with 3 -4 rams to evaluate the feeding values of various forest biomass products and wood processing by-products. The total collection method was used to study the digestibilities of various nutrients. A preliminary acceptability period of 10-15 days and a 10-day standardization period were followed by a seven-day collection. In the test period the food intake was reduced to 90 % of average ad libitum intake.
The experimental diets and the inclusion of forest biomass materials and wood-processing by-products were as follows:
1. Leaf pulp from Salix Aquatica foliage, collected in the period 25 Sept.
5 Oct.
1980. Pressed for leaf juice as described by Nasi (1983 The 7-day faecal collections were weighed daily, mixed thoroughly and subsampled for later analysis. Urine was collected in pails containing 30 ml of 10 N H 2 S0 4 and a 5°7o aliquot sample of daily urine was saved for nitrogen analysis. Feed samples were also collected daily during each collection period and pooled for chemical analysis.
Dry matter contents were determined by oven heating at 103°C and samples for feed analyses were dried in a vacuum oven at 50°C. The feed analyses were made on the dried samples by standard methods. Acid detergent fibre (ADF), neutral detergent fibre (NDF) and lignin (ADL) were determined according to Coering and Van Soest (1970) . Crude lignin and water-soluble carbohydrates were determined as described by Salo (1965) . Analyses for tannin were made by the Official method of analysis (Anon 1970) . In vitro digestibilities were determined by the method of Tilley and Terry (1963) .
The digestibility coefficients were calculated from the difference in the digestibility of the total diet, on the basis of the measured or table values of the basic feed. Net energy values were calculated according to Breirem (1969) , Van Es (1978) 
Results and discussion
The chemical composition of the various forestry and wood-processing by-products is presented in Table 1 . The two first materials are pulped willow leaves, the four following are chopped foliage with wood material and the two last processed wood fibre, so that the composition of the materials thus varies a good deal. The crude protein varied according to the amount of foliage in the material and to the urea-ureaphosphate used as preservative. The willow leaf pulp had a high value for true protein, on average 18.2 %, while the wood pulp materials had a very low value. The products containing wood material (nos. 3 -6) had high crude fibre contents (41.0 -54.2 %) and the dissolving material, T a b l e A q u a t k a (1976) .
The tannin content of the leaf pulp averaged 2.5 % which exceeds the value for the other materials. Tannin compounds can apparently reduce protein digestibility and impair the voluntary intake (Me Leod 1974, Van Soest and Robertson 1976) . Tannin can also influence cellulose digestion through inhibition of microbes and formation of a tannin-cellulose complex (Me Leod 1974). Here, the intakes of diets containing leaf pulp averaged 45 g DM/kg W 0 75 ; the value with forest biomass averaged 35 g DM and for those with cellufiber 47 g DM. The intakes were low but comparable to the results of experiments made by Nastis and Malechek (1981) and Wilson (1977) . Two sheep on diet no 4 refused to eat forest biomass and one on diet no. 7 refused to eat hydrolysed wood pulp and had to be removed from the experiment. All animals on diets nos. 3-7 lost weight during the collection period. This can also be seen from the results for the nitrogen balance, which were negative (Table 2).
The digestibility coefficients (Table 2) are calculated from the difference in the total diet digestibilities. The digestibilities of the two willow leaf pulps differed considerably (61 -42 ®7o for OM). The pulp of the later year was contamined by rust and the lignin content was twice as high as in the first leaf pulp. The digestibilities correspond to the resuits presented for various energy tree leaves (Näsi and Pohjonen 1981) cellulose, hemicellulose and a small amount of sugars, but without pretreatment only a small proportion of these carbohydrates is available for digestion by the rumen microbes (Scott et al. 1969 , Millett et al. 1970 . Baertsche (1980) presents quite a high digestibility value for short-rotation poplar biomass, 54 % for OM, 52 % for CP and 35 % for ADF, but Hooper and Winch (1979) found lower values for bark and wood, 28-42 <7o for DM, and 67 % for the DM of leaves. Wylie (1981) , however, obtained the very low value of 13 % for DM digestibility of energy willow biomass.
In this study hydrolysed wood pulp had rather a low digestibility. The lignin content was 11.1 %, which indicated that acetic acid hydrolysis had been ineffective. The digestibility of dissolving pulp was comparable to that of good quality roughage. Baker et al. (1975) reported that the digestibility in vitro of many pulp and paper-making residues T a b l e 2. A q u a t i c a A q u a t i c a The feed values calculated for the different forestry by-products and pulps are presented in Table 3 . For comparison, the net energy values are calculated by four different methods. The number values were calculated from equations presented by Van Es (1978) as the ratio of GE to ME for production and maintenance in relation to barley. The number value for leaf pulps averaged 0. 
